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treatment exists for established ARDS. Thus, interest in ARDS prevention is increasing. Indeed, prevention of ARDS is a key priority for the National Heart, Lung, and Blood Institute. This newfound emphasis has manifested in recent ARDS working group publications, including the recent "Notice of Intent to Publish a Funding opportunity Announcement for Clinical Centers for the National Heart, Lung, and Blood Institute Prevention and Early Treatment of Acute Lung Injury Clinical Trials Network."* 10 Importantly, recent investigations suggest the potential to prevent postoperative complications by modifying perioperative care. Futier et al. 11 noted fewer postoperative complications and improved healthcare resource utilization in a multicenter clinical trial evaluating the effect of intraoperative lung-protective ventilation strategies for patients undergoing major abdominal surgery. Indeed, the efficacy of such interventions may be particularly notable in surgical patients at high risk for complications such as ARDS.
To make progress in preventing postoperative ARDS, we need an improved ability to identify patients at high risk for this life-threatening complication. To this end, recent publications have outlined risk-prediction algorithms that may be used to identify patients at high risk for ARDS. 3, [12] [13] [14] These algorithms have specifically targeted mixed medical and surgical populations with acute illnesses (e.g., Lung Injury Prediction Score [LIPS]), 12 elective surgical populations (e.g., surgical lung injury prediction [SLIP] score), 3, 14 and those who have experienced major trauma. 13 In contrast, the risk of postoperative ARDS among heterogeneous, high-risk surgical populations, including patients seen in the emergency department with acute illnesses, has not been adequately addressed. In addition, previous prediction algorithms specifically evaluating risk of ARDS in surgical populations (e.g., the SLIP score) have been limited to single-center studies, thereby limiting their generalizability. 3, 13, 14 To address these important knowledge gaps, we leveraged the infrastructure of the U.S. Critical Illness and Injury Trials Group and the LIPS study cohort. 12 The LIPS study 12 was a multicenter, prospective, observational cohort study to determine the frequency and outcome of acute lung injury (ALI)/ARDS in patients at risk (those with at least one major predisposing condition for ALI/ ARDS). That primary study also aimed to validate the previously derived LIPS. 15 The study population for the LIPS investigation, involving 20 hospitals in the United States and 2 in Turkey, included 5,584 medical patients and surgical patients undergoing a wide range of elective and emergent surgical procedures. In the current study, we aimed to test and refine the previously reported SLIP model in a multicenter cohort of surgical patients at risk for postoperative ARDS.
Materials and Methods

Study Design
This is a secondary analysis of a previously reported multicenter, prospective cohort investigation. 12, 16 The prospective study was approved by the institutional review board at each participating institution. Approval was also granted for ancillary studies such as the current investigation. The Strengthening the Reporting of observational Studies in Epidemiology guidelines were followed in the design and reporting of this observational study. 16, 17 Study Population Details of the study population have been previously described. 12, 16 In brief, consecutive adult patients were enrolled prospectively in 19 hospitals and retrospectively (after hospital discharge) in 3 hospitals over a 6-month period, beginning in March 2009. Participating institutions included both community and academic medical centers. Twenty of the included hospitals were located in the United States, with 2 additional institutions located in Turkey. Inclusion criteria consisted of admission to the hospital with the presence of at least one major risk factor for ARDS and age older than 18 yr. Variables considered major risk factors for ARDS included aspiration, pneumonia, sepsis, shock, pancreatitis, high-risk trauma, or high-risk surgery. Standardized definitions were used to identify these risk factors (high-risk trauma [18] [19] [20] , high-risk surgery, 1,21-23 aspiration, 18, 20, 22, 24 sepsis, 19, 20, 22, 25 shock, [25] [26] [27] pneumonia, 18, 22, 25, 28 and pancreatitis 25, [29] [30] [31] [32] ).
For the current investigation, the study population described above was restricted to patients who underwent a surgical procedure. Patients were excluded if they came to the hospital with prevalent ARDS, were transferred from an outside hospital, died in the emergency department, were admitted for comfort or hospice care, or had been previously enrolled in the study (i.e., for patients with multiple hospital admissions, only the first hospital admission was included in the database). 16 
Predictor Variables
In the initial prospective cohort study, 12 demographic information and additional clinical characteristics were collected during the first 6 h after initial emergency department evaluation or preoperatively at the time of hospital admission for those undergoing high-risk elective surgery by review of the study participant's medical record. ARDS risk factors (high-risk trauma, high-risk surgery, aspiration, pneumonia, sepsis, shock, and pancreatitis) and potential risk modifiers, including alcohol abuse, 1, [33] [34] [35] obesity (body mass index >30 kg/m 2 ), 36 hypoalbuminemia (albumin <3.4 g/dl), 18,37 use of chemotherapy currently or within 6 months of the hospital admission, 34, 38 fraction of inspired oxygen (FIo 2 ) greater than 35%, 39 12, 18 and diabetes mellitus, 18, 40 were also extracted. Standardized definitions were used to characterize these variables, as previously described. 12 Details regarding the nature and urgency of the surgical procedures performed were also recorded. Procedural categories characterized as high risk for ARDS in the initial prospective cohort study included cardiac surgery, aortic surgery, thoracic surgery, spine surgery, and acute abdominal surgery. 12 on the basis of recent data suggesting differential risks for ARDS among specific procedures within the high-risk procedural categories of cardiac, aortic, and thoracic (noncardiac) surgery, these procedural categories were further characterized into low or high risk, as previously described. 3 Investigators and study coordinators at each site reviewed the study's standard operating procedures and received structured online training for definitions of each risk factor before study initiation. In the three hospitals that collected data retrospectively, the investigators followed the same protocols and definitions, but data were collected after hospital discharge.
Outcome Variables
The primary outcome was development of ALI or ARDS during the hospitalization. of note, new consensus definitions for adjudicating diagnoses of ARDS have recently been endorsed. 41 An important change in these new recommendations is the removal of the term acute lung injury or ALI, which previously characterized less severe forms of ARDS. 42 However, because this investigation was multicenter and because both enrollment and ALI/ARDS adjudication were performed before this new ARDS definition was endorsed, we have maintained the ALI and ARDS definitions proposed by the 1994 American-European consensus conference. 42 Specifically, to be allocated a diagnosis of ALI or ARDS, the following elements were required: development of acute, bilateral pulmonary infiltrates on chest radiography, a Pao 2 /FIo 2 ratio less than 300 (<200 for ARDS), and absence of signs of left atrial hypertension as the main explanation for pulmonary edema. All these diagnostic criteria needed to be present during the same 24-h interval to meet criteria for ALI/ARDS. The adjudication of ALI/ARDS was made locally at each participating center by a member of the study team. Investigators and study coordinators at each site underwent a structured online tutorial for the assessment of ALI/ARDS before study initiation.
Statistical Analysis
Sample Size Estimation. This study constituted a secondary data analysis of an existing database. As such, no formal power analyses were conducted. The available sample size, however, was evaluated to ensure there would be an adequate number of ALI/ARDS cases to support the logistic regression modeling. Preliminary examination of the database suggested that the ALI/ARDS incidence in this cohort would be 8% (approximately 125 ALI/ARDS events). Using the standard rule of thumb of having at least 10 events for each covariate, the database was believed to be sufficiently large, provided that model-building strategies were used to minimize the number of independent variables used simultaneously. The following sections detail this process. Analysis Plan Overview. Dichotomous variables are presented as number (percentage); continuous data are presented as median (interquartile range [IQR]). For initial descriptive analyses, comparisons between the patients with and without ALI/ARDS during their hospitalization were performed with Pearson chi-square tests or Fisher exact tests, as appropriate, for categorical variables. Continuous variables were tested with the Wilcoxon rank sum test (Mann-Whitney U statistic).
The primary analysis consisted of evaluating the performance of the previously reported SLIP model (table 1) 3 compared with the performance of a revised predictive algorithm (termed SLIP-2) that included additional patient characteristics which may be predictive of ALI/ARDS in this population. This revised algorithm analysis was planned a priori, recognizing the potential for unique ALI/ARDS predictive factors in this more heterogeneous surgical population, which included patients with major risk factors for ALI/ARDS as well as patients undergoing emergency surgery. Modeling Overview. For validation of the SLIP prediction algorithm, SLIP points were used to calculate the risk score for each study participant, as described previously. 3 The association between the SLIP score and development of ALI/ARDS was evaluated using single-variable logistic regression, with the cumulative SLIP score as the independent variable. Model discrimination was assessed by calculating the area under the receiver operating characteristic curve (AUC), otherwise known as the concordance statistic (or C statistic). Model calibration was assessed using the Hosmer-Lemeshow goodness-of-fit test statistic.
The overall goal of the revised SLIP-2 predictive algorithm analysis was to develop a parsimonious collection of variables that would improve prediction of ALI/ARDS in a heterogeneous high-risk surgical population. To accomplish this objective, model building proceeded in two stages (see 3 Adaptations are themselves works protected by copyright. So in order to publish this adaptation, authorization must be obtained both from the owner of the copyright in the original work and from the owner of copyright in the translation or adaptation. Kor et al.
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figure, Supplemental Digital Content 1, http://links.lww. com/ALN/B40). In the first stage, biologically plausible predictor variables were categorized into specific domains representing mechanistic pathways believed to affect the development of ALI/ARDS. of note, many of the ARDS risk factors were evaluated in more than one domain because of their potential role in more than one pathway that may be involved in ARDS pathogenesis. Multiple imputation was used for missing values. 43 The second stage of the analysis (the domain analysis) was accomplished in three steps. 44 In step 1 of the domain analysis, a "fully conditional specification" multiple imputation method was used to impute 10 different datasets for the missing variables based on the remaining variables in each specific domain. Univariate logistic regression was then performed for each variable in the 10 imputed datasets. The results across the imputation dataset were synthesized (with PRoC MIanalyze in SAS; SAS Institute, Inc., Cary, NC) to obtain overall parameter estimates and P values for each variable considered in the domain. Variables that passed the initial screening evaluation (P < 0.25) were then assessed for multicollinearity before variable reduction in each domain. When multicollinearity was detected, the variable with the largest likelihood ratio test value was chosen for further modeling.
In the second step, a maximal model consisting of all screened-in variables within a domain from step 1 was specified, and backward elimination was used to reduce the number of independent variables in the domain. Modeling was again conducted on the imputed dataset, and a more stringent criterion of P value less than 0.05 was used to retain the variable at the end of step 2. once variables were selected within a domain, all selected variables were pooled together to develop the overall predictive model in step 3 of the analysis. Because the missing data pattern was altered when multiple domains were combined, 10 new imputed datasets were generated using all the variables considered in the third step. Multicollinearity and screening were conducted as in step 1 of the model-building process. Backward elimination was used with a P value less than 0.05 requirement for retention in the final model.
To facilitate the development of the revised SLIP-2 score, continuous variables from the domain analyses were reclassified as categorical variables in the final models using previously defined and clinically relevant cut points: FIo 2 (>35 vs. ≤35%), respiratory rate (20 to 29 and ≥30 vs. 0 to 19 breaths/min), and Spo 2 (<95 vs. ≥95%). 12 SLIP-2 points were then assigned to each predictor in the final model by multiplying the predictor's parameter estimate (β coefficient) by 10 and rounding down to the nearest integer.
For validation of the SLIP-2 prediction algorithm, a two-step process was used. First, SLIP-2 points were assigned and summed for each participant. The association between the SLIP-2 score and development of ALI/ARDS for the final model was then evaluated in the original dataset (without imputation) via single-variable logistic regression, with the cumulative SLIP-2 score as the independent variable. Model discrimination and calibration were evaluated on the basis of the AUC and the Hosmer-Lemeshow goodness-of-fit test statistic, respectively. Second, model optimism was estimated using Harrell's RMS package for R. † This model validation approach uses the bootstrap method to resample the data to account for sampling variation that may contribute to overfitting and overestimation of model fit, or optimism. optimism in model performance, as measured by the change (decrease) in the C statistic and the le Cessie and van Houwelingen test, 45 was assessed for each of the 10 multiple imputation datasets. All the model building and analysis steps were carried out using SAS software v9.3. Model validation using the RMS package was conducted using R v.3.0.0 (R Foundation for Statistical Computing, Vienna, Austria).
Results
A study participant flow diagram is presented in figure 1 . After exclusions, 1,562 patients met all inclusion criteria and were included in this investigation. Postoperative ALI/ ARDS developed in 117 study participants (7.5%; 95% CI, 6.3 to 8.9%). The mortality rate was significantly higher among those with ALI/ARDS than that among those without (10.3 vs. 1.6%; P < 0.001), as was the median (IQR) hospital length of stay (14 [7 to 25] days vs. 6 [4 to 10] days; P < 0.001). Baseline demographics and clinical characteristics are shown in table 2.
of the 1,562 study participants, 1,433 had all variables needed to calculate the original SLIP score. All 129 patients for whom a SLIP score could not be calculated were missing information related to alcohol use. SLIP scores for these patients (n = 1,433) ranged from 0 to 75, with a median (IQR) of 11 (0 to 21). Median (IQR) SLIP score was 17 (0 to 25) in those with ALI/ARDS (n = 108) and was 11 (0 to 19) in those without (P = 0.06). The original SLIP predictive algorithm was a poor discriminator between patients who did and did not have ALI/ARDS, with an AUC (95% CI) of 0.56 (0.50 to 0.62).
As expected, in the initial descriptive analysis, numerous baseline demographics and clinical characteristics, as well as known ALI/ARDS risk factors and risk modifiers, differed significantly between those with and without ALI/ARDS (table 2). The first stage of the domain analysis (table 3) identified 29 unique variables from seven domains to be significantly associated with ALI/ARDS (P < 0.25). Traumatic brain injury, chronic obstructive pulmonary disease, and respiratory rate, in domains 1, 4, and 7, respectively, were excluded because of multicollinearity. The rest of the significant variables were carried forward to the second stage of domain analysis, in which only 15 variables retained significance (P < 0.05). None of these 15 variables showed multicollinearity. of these, 14 variables were included in the final SLIP-2 multivariable model (table 4) . Aspiration was excluded because of the limited number of cases (n = 4). Kor et al.
Predicting Risk of Postoperative Lung Injury
A total of nine variables remained as significant predictors of postoperative ALI/ARDS in the final model: admission source other than home, sepsis, cirrhosis, high-risk cardiac surgery, high-risk aortic vascular surgery, emergency surgery, increased respiratory rate (with two defined cutoffs: 20 to 29 and ≥30 breaths/min), FIo 2 higher than 35%, and oxygen saturation less than 95%. The final SLIP-2 scoring algorithm is presented in table 5.
Surgical lung injury prediction-2 scores for all the study participants (N = 1,562) ranged from 0 to 57, with a median (IQR) of 9.5 (0 to 20). The median (IQR) SLIP-2 scores were 27 (20 to 37) for those with ALI/ARDS versus 7 (0 to 18) for those without ALI/ARDS (P < 0.001). The SLIP-2 model effectively discriminated between those who did and did not have development of ALI/ARDS (C statistic, 0.84; 95% CI, 0.81 to 0.88). Figure 2 shows the discrimination comparison between the SLIP and SLIP-2 scores for this sample (P < 0.001). Furthermore, model validation using the 10 imputed datasets showed similar discrimination (mean C statistic, 0.84). A good fit (P > 0.05 on the Hosmer-Lemeshow goodness-of-fit test) was observed in all 10 imputed datasets. Use of Harrell's RMS package with 200 bootstrap replicates per imputed dataset showed that the SLIP-2 score remained a valid predictor for the development of ALI/ARDS. The mean optimism-corrected C statistic over the multiple imputation datasets was 0.837, which is highly consistent with the estimate obtained without bootstrap resampling. Similarly, all of the le Cessie and van Houwelingen tests, 45 which are similar in interpretation to the Hosmer-Lemeshow goodness-of-fit test, indicated good calibration (P > 0.05) for all 10 datasets.
By AUC analysis, the optimal cutoff for the SLIP-2 score to maximize the Youden index was 19. Using this cutoff, we found a positive likelihood ratio (95% CI) of 3.31 (2.89 to 3.79), a negative likelihood ratio of 0.24 (0.16 to 0.36), a sensitivity of 82% (74 to 88%), and a specificity of 75% (73 to 78%). Table 6 shows the sensitivity analysis using the cutoff of 19 and 2 additional SLIP-2 cut points. Three groups of patients were defined on the basis of the SLIP-2 cut points identified in the sensitivity analysis: persons at low risk (<10 points on SLIP-2), moderate risk (10 to 30 points on SLIP-2), and high risk (>30 points on SLIP-2) for postoperative ALI/ARDS. Using all available data (without multiple imputation for missing data), SLIP-2 score could be calculated for 1,246 study patients (316 [20%] had missing observations for SLIP-2 scoring criteria variables). By this scale, 50% of study patients (n = 623) were assigned to the low-risk group, 40.4% (n = 503) were in the moderate-risk group, and 9.6% (n = 120) were in the high-risk group. The associated frequency of ALI/ARDS in each of these groups is shown in figure 3 .
Discussion
In this multicenter investigation evaluating surgical patients at high risk for ALI/ARDS, we tested the predictive accuracy of the recently described SLIP model. 3 Recognizing the potential for differing risk profiles in this more heterogeneous and high-risk cohort, we aimed to further refine the SLIP algorithm, thereby permitting its use in more diverse surgical populations, such as those with coexisting ARDS risk factors or those undergoing emergency surgery. our results suggest that the original SLIP score performs poorly in this more diverse and acutely ill surgical population. In contrast, the refined algorithm (SLIP-2) accurately estimated risk of postoperative ALI/ARDS in this high-risk cohort. The inability to identify patients who are at greatest risk for ARDS is a major barrier to progress in ARDS prevention, and recent reports from content experts have specifically called for studies aiming to facilitate the identification of high-risk populations. 10, 30 In a workshop convened by the National Heart, Lung, and Blood Institute evaluating the current state of ARDS research, the development of strategies to perform ARDS prevention trials was identified as a key strategic priority. 10 As this working group noted, "Identification of patients at risk early in the course of their illness (e.g., in the emergency department or operating room) may allow earlier implementation of ALI prevention strategies." 10 In addition, targeted enrollment of study participants using innovative risk-assessment tools can greatly enhance study efficiency while decreasing studyrelated costs. The potential for such gains has recently been described for the multicenter Lung Injury Prevention Study with Aspirin clinical trial. 12, 46 Recently, several studies have begun to address this topic. Gajic et al. 12 developed the LIPS model for mixed medical and surgical populations; similarly, the SLIP algorithm was developed for use in elective surgical populations. 3 Watkins et al. 13 have also developed an ARDS prediction model in a trauma population. Although these investigations provide an excellent starting point, their findings are unlikely to be generalizable to more diverse and high-risk surgical populations. Indeed, we have confirmed that the SLIP score 3, 12 performs poorly in this context. Moreover, previous investigations targeting surgical populations have been restricted to a single center, thereby limiting their generalizability. The current study evaluated a multicenter surgical cohort with major risk factors for ARDS, as well as those undergoing emergency surgery. This population is of particular interest because the risk of ARDS is high and the associated effects on patient-important outcomes are significant.
It may not be surprising that the SLIP model did not perform well in this study given the stark differences in the target populations. Specifically, the SLIP model was designed to detect the risk of ALI/ARDS in patients undergoing elective surgery and in those with no other ARDS risk factors. In contrast, inclusion into the current study required that patients have at least one major ARDS risk factor. Furthermore, 272 of our patients (17.4%) underwent an emergency surgical procedure. All such patients were excluded from the SLIP model development cohort. In contrast, the refined SLIP-2 prediction model performed well in this high-risk cohort. Nine ALI/ARDS risk factors were identified from four major ARDS-related domains: oxidative stress or reperfusion injury (sepsis), type of surgical procedure (high-risk cardiac surgery, aortic vascular surgery, and emergency surgery), baseline health status (cirrhosis, admitted from a location other than home), and physiologic markers of acute illness (tachypnea, FIo 2 >35%, and Spo 2 <95%). This parsimonious collection of routinely available clinical variables predicted the risk of postoperative ALI/ARDS with very good accuracy (AUC [95% CI], 0.84 [0.81 to 0.88]). Furthermore, additional validation of the model using Harrell's optimism approach suggested the current model to be less optimistic.
Importantly, all but one of the identified ALI/ARDS predictor variables appear robust, with previous investigations corroborating their association with ALI/ARDS (admission source, 18 sepsis, 19, 20, 22, 25 high-risk cardiac surgery, 1,3,12,47-50 high-risk aortic surgery, 1,3,12 emergency surgery, 12,48 tachypnea, 18, 34 oxygen supplementation, 12, 39 and hypoxemia 12 ). Although the association between cirrhosis and ALI/ARDS has been less consistently documented, 3, 18, 51, 52 there is clear evidence for biologic plausibility because liver injury can affect the host inflammatory response and increase lung microvascular permeability. 52 Moreover, surgical patients with advanced liver disease are at risk for blood product administration, which is another risk factor for ALI/ARDS. 4, 18, 50 of note, some statistical factors may partly explain why SLIP-2 outperformed the original SLIP score. First, the SLIP-2 model included more variables to estimate the risk of ALI/ARDS. Second, the SLIP score was developed in a different dataset, and its application to this study represents a validation study. As a result, it is not surprising that the performance was lower in this sample. Third, external validation of SLIP-2 was not possible at this time for lack of a unique validation dataset, so the parameter estimates and variables selected for inclusion in the model may be "overfit" to the available data. We attempted to mitigate this concern through bootstrap resampling, but further research using independent data is needed to fully understand how robust SLIP-2 will be outside the confines of the data used to develop the model. ACE-I = angiotensin-converting enzyme inhibitor; ARB = angiotensin II receptor blocker; COPD = chronic obstructive pulmonary disease; EC = excluded due to collinearity; FIO 2 = fraction of inspired oxygen; GCS = Glasgow Coma Scale; GERD = gastroesophageal reflux disease; OR = odds ratio; PPI = proton pump inhibitor. 
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This investigation has several strengths. Unlike the previous single-center studies, 3, 13, 14 this study includes a large, heterogeneous, multicenter, surgical population. This target cohort is of particular interest given these patients' risk of postoperative ALI/ARDS. This study also included clinical data that are readily available in the medical record. Thus, we believe that we have meaningfully enhanced the usability of the model. The vast majority of the data were also collected prospectively with explicit standard operating procedures, and the statistical methodology was deliberate and detailed. We believe that these factors help to ensure both the accuracy of the data collected and the validity of the study findings.
In addition to the strengths identified above, several limitations deserve note. First, this study was a secondary analysis of a previous prospective cohort investigation, and potentially relevant ARDS risk predictors may not have been included in the original data extraction. Recognizing the importance of the surgical procedure in determining the risk of postoperative ARDS, we supplemented the original list of variables with additional details regarding the surgical procedure. However, the multicenter nature of the initial investigation precluded our ability to include additional details relating to intraoperative exposures and patient responses. Therefore, we were unable to evaluate intraoperative and postoperative risk predictors, despite many such factors having been previously associated with postoperative ALI/ARDS (e.g., blood transfusion, ventilator management, longer surgical duration, fluid resuscitation, and disturbed hemodynamics). 1, 2, 4, 14, 49, 50, [53] [54] [55] [56] Nonetheless, we emphasize that the expected use of this ARDS prediction algorithm is to determine risk of ARDS as early as possible, preferably before the surgical procedure.
our investigation also shares limitations with other clinical ARDS studies relating to the reproducibility of the ARDS diagnosis. Reproducibility may be particularly pertinent when studying postoperative ARDS because atelectasis and ventilatory support are not uncommon after surgery and may confound the ARDS diagnosis. To mitigate this concern, structured training in ALI/ARDS assessment was required for all primary investigators at each site before study onset. In addition, the vast majority of data were collected prospectively, ensuring close follow-up for ALI/ARDS development. The total number of ALI/ARDS cases was also somewhat limited (n = 117). This limited number of outcomes, as well as the low frequency of some potentially important risk factors (e.g., aspiration, pneumonia, amiodarone use), may have masked important associations with ALI/ARDS. Additional concerns include the potential effects of missing data, as well as the lack of an independent validation cohort. To address the issue of missing data, a "fully conditional specification" multiple imputation strategy was used. Also, although an independent validation cohort is not available, the new SLIP-2 algorithm was internally validated by evaluating the final SLIP-2 model in the original dataset (without imputation) via single-variable logistic regression.
In addition to the noted limitations, we also acknowledge the modest overall performance of the SLIP-2 algorithm. Specifically, the sensitivity and specificity at the optimal cut point were 82% (95% CI, 74 to 88%) and 75% (95% CI, 73 to 78%), respectively. The substantial heterogeneity of the study population most likely affected model performance. Although we might expect improved accuracy if the model was developed in a more restrictive patient population, the goal of this work was to create a model that can predict risk of ALI/ARDS in a heterogeneous high-risk surgical population. Moreover, we note that our predictive accuracy is similar 3, 12 or favorable 13 to the previously reported prediction algorithms that have focused on more selective surgical populations. We further recognize that model performance might be improved with additional variables and more complex modeling strategies. However, our primary aim was to 
develop and validate an accurate, efficient, and scalable model that could be used for the preoperative identification of high-risk participants for future ARDS prevention trials. Time-sensitive studies on ARDS prevention require very efficient risk-prediction strategies. Although increasing complexity of a model may provide additional predictive accuracy, this would come at the cost of usability and scalability. In addition, alternate cut points may be selected if the intended use of the model requires improved sensitivity or specificity (table 6 ).
In conclusion, we have refined and internally validated a parsimonious postoperative ARDS risk-prediction model in a multicenter cohort of patients at high risk for postoperative ARDS. The SLIP-2 model effectively discriminates risk of postoperative ALI/ARDS. This tool may improve clinicians' ability to estimate risk of postoperative ARDS. By improving our ability to identify patients at higher risk for ARDS, the SLIP-2 score may also enhance the feasibility of mechanistic studies and ARDS prevention trials.
